Background: This study was carried out to determine the effects of sildenafil citrate on morphology of the testes and spermatogenesis during wound healing process in diabetic rats. Eighteen adult male Wistar rats randomly divided into two groups (A and B) of 9 rats per group were treated orally with sildenafil citrate at a dose of 50 mg/kg for 21 days and or/single dose of intraperitoneal injection of insulin (10 IU). Before treatment, type 1 diabetes mellitus was induced in group A by a single intraperitoneal injection of alloxan (130 mg/kg) and a squareshaped wound measuring 1.5 cm 2 was created under anesthesia with ketamine at the dose rate of 50 mg/kg intraperitoneal injection on the dorsum of rats in all groups with the exception of 3 rats in group B. From each of the two groups (A and B), 9 rats were humanely sacrificed for histology and sperm count. This was done after the administration of the sildenafil citrate on day 21. The results of the study showed significant (p<0.05) decrease in testicular and epididymal sperm head counts. Sections of the testes showed severe vacuolar degeneration of germinal epithelial cells in the seminiferous tubules in diabetic rats during the 21 days of treatment with sildenafil citrate. This indicates that sildenafil citrate may not have any protective effect against testicular injury due to wound healing process in diabetic rats.
Introduction
Diabetes mellitus affects a large number of young men of reproductive age and erectile and ejaculatory difficulties arise due to vascular and neuropathic problems. 1 Research have shown that diabetes mellitus can lead to reduced sperm quality 1,2 and wound healing also constitutes a great challenge in the diabetic patients. 3 Fertility of the male may be compromised by stress factors resulting from the wound healing process which is related to immune system activation. 4 Sildenafil citrate is a phosphodiesterase type-5 inhibitor, vasodilator agent that is used in the management of erectile dysfunction and primary pulmonary hypertension. 5 Although sildenafil citrate has been develo-ped for erectile dysfunction and pulmonary hypertension, it now has other medical indications in diseases such as cardiovascular, spinal cord injury and type II diabetes mellitus. 6 Several studies have indicated that sildenafil may exert a protective effect against testicular injury in rat models. 7-9 Furthermore, it has been shown that administration of sildenafil citrate may also be useful against ischemic injury in other organs such as the liver, colon and brain. 10 Pentoxifylline, another phosphodiesterase (PDE) inhibitor, has been shown to affect sperm quality and early embryo development.1 It is likely therefore, that sildenafil citrate, also a PDE inhibitor, may affect sperm quality. Ejaculatory difficulties are also more common in diabetics although treatments such as Trucut testicular biopsy and intracytoplasmic sperm injection have improved the outlook for these patients. There are evidences that spermatogenesis is impaired in diabetic patients and affected individuals have a reduced sperm motility and semen volume. 1,2 As a result, diabetes mellitus directly or indirectly causes a significant loss of fertility in men suffering from the disorder. Although, oral administration of sildenafil citrate has been reported to influence the male reproductive system, its effects on histology of the testes and sperm count during wound healing process in diabetic rats have never been investigated. Therefore, the aim of this study is to evaluate the effects of the oral administration of sildenafil citrate on histology of the testes and sperm count during wound healing process in diabetic rats.
Materials and Methods

Experimental Animals and Management
Eighteen adult male Wistar albino rats weighing between 140 g -210 g were obtained and managed as described by Mahre et al. .11 This study was undertaken according to the
International
Guiding Principles for Biomedical Research involving laboratory animals 12 and was approved by the Faculty Ethics Committee of the Faculty of Veterinary Medicine, University of Maiduguri, Nigeria.
Experimental Design
The experimental design in the current study was adapted from Mahre et al., 11 Eighteen adult male Wistar rats weighing between 140 g -210 g were randomly divided into two groups (A and B) of 9 rats per group and administered sildenafil citrate orally at a dose of 50 mg/kg for 21 days and or/single dose of intraperitoneal injection of insulin (10 IU). Before treatment, type 1 diabetes mellitus was induced in group A by a single intraperitoneal injection of alloxan monohydrate (130 mg/kg) after the rats were deprived of feeds for 18 hours. Type 1 diabetes mellitus was confirmed 3 days after administration of alloxan monohydrate through tail tipping using a glucometer as described by Meiton. 13 Only rats with blood glucose level of 180 mg/dl and above were considered diabetic and used for the experiment. A square-shaped wound measuring 1.5 cm 2 was created under anesthesia with ketamine at the dose of 50 mg/kg intraperitoneal injection on the dorsum of rats in all groups with the exception of 3 rats in group B. 11
Histological Examination
From each group, 9 rats were humanely sacrificed for histology of the testes and spermatology. This was done after the administration of the sildenafil citrate on day 21.
Samples of the right testes (1 cm 3 ) from each rat in each group were fixed in Bouin's solution for 24 hours and processed for paraffin sectioning. The paraffin sections were cut at 5µm using the rotary microtome and stained with haematoxylin and eosin and evaluated histologically 14 using a light microscope.
Sperm Counts
The left testes and epididymis from the aforementioned rats were dissected. The tunica albuginea was removed from each left testes before its homogenization in 5 mls of normal saline. The head, body and tail of left epididymis were separately homogenized in 2 mls of normal saline. The sperm count per milliliter of the homogenate was done using a haemocytometer. [15] [16] [17] The total sperm count per homogenate was determined using the formula; (volume of homogenate) × (count in 5 squares) × (0.05 × 10 6 ).
Data analysis
Data obtained from the study was presented as mean ± standard deviation. Differences between group means were tested by PairedSamples T test using statistical software IBM SPSS Statistics 22. Values were considered significant at p < 0.05.
Results
Sperm Counts
There was a significant decrease in the testicular and epididymal sperm head counts (Table 1 and 2). Plate 1 shows a normal section of the testis (×100; H&E) and Plate 2 is a section of the epididymis containing scanty seminal fluid with few spermatozoa (×100; H&E). Plates 3, 4, 5, 6,7 and 7 shows sections of the testes with severe vacuolar degeneration of germinal cells in the seminiferous tubules in diabetic rats during the 21 days of treatment with sildenafil citrate and Plate 8 shows a section of the testis with severe uncanalized seminiferous tubules with vacuolar degeneration of germ cells. 
Effects of Sildenafil Citrate On Testicular Histology and Sperm Count
Discussion
The decrease in testicular and epididymal sperm counts and the severe vacuolar degeneration of germinal cells in the seminiferous tubules observed in the present study may be an indication that sildenafil citrate does not have any protective effect against testicular injury during wound healing process in diabetic rats. This is in contrast to previous studies on normal rat model. 7-9, 18 The difference can be attributed to the hyperglycemic state of the diabetic rats investigated. As mentioned above, citing Brownlee 19 and Muralidhara, 20 hyperglycemia can induce testicular oxidative stress and cause increase in the production of free radicals. Moreover, increased lipid peroxidation and decreased antioxidant enzyme concentration mainly impairs fertility in male with Type I diabetes mellitus. 21 It is also important to note that oxidative stress itself could mediate damage to plasma membrane, integrity of DNA and on germ cell which could leads to deterioration of sperm quality. 21 The decrease in testicular and epididymal sperm counts seen in the present study may have resulted due to the severe vacuolar degeneration of germinal epithelial cells in the seminiferous tubules, known to be associated with diabetes in rats. [22] [23] [24] [25] It may also be due to changes caused by the wound healing process that affect the expression of various receptors associated with the cGMP or in the responsiveness of these receptors in the brain, which can cause damage to testicular tissues that lead to failure of spermatogenesis. 26 Alternatively, the inhibition of cGMP breakdown may produce changes in nitric oxide (NO) production via negative feedback mechanisms. 27 There are also considerable implications in terms of public health education and the need to inform recreational users of its potential side effects. These concerns make it all the more crucial to elucidate fully any effects sildenafil has on reproduction. 1 
Conclusion
The results of the study showed significant decrease in testicular and epididymal sperm counts and sections of the testes showed severe vacuolar degeneration of germinal cells in the seminiferous tubules in diabetic rats during the 21 days of treatment with sildenafil citrate, and this may be an indication that sildenafil citrate may not have any protective effect against testicular injury during wound healing process in diabetic rats. 
